were published more than 30 years ago; and (10) reviewed pediatric patients only. In addition, (11) we excluded pediatric patients in series. 41 Finally, (12) those reports lacking adequate orthopedic follow-up were excluded. Cases in the latter typically were in medical, as opposed to surgical journals, and only mentioned a triceps injury in passing and did not report any outcome measures.
Variables of Interest
The primary data points obtained were the rates of (1) presence of fleck fracture, DKS, on the lateral x-ray film; (2) return to full preoperative function; (3) time to surgery; (4) delayed diagnosis, subjectively defined to be greater than a month in the majority of the articles; (5) medical comorbidity; and (6) repair technique. The prevalence of the DKS was reported both with and without the 2 largest series. 21, 35 
Search Strategy and Selection of Studies
A systematic review was performed for all articles published on the treatment of TTR through PubMed, MEDLINE, and EMBASE between the years 1985 and 2015. Search terms included triceps* tendon* rupture*.
The abstracts generated by the search were individually assessed for relevance by 2 primary authors. Full articles were reviewed independently according to the inclusion and exclusion criteria. All analysis was verified by J.C.D.
Assessment of Methodological Quality and Data Collection
The GRADE (Grading of Recommendations Assessment, Development and Evaluation Working Group) criteria is an assessment template used to evaluate the quality of methods used in published studies. 2 Using this template, the quality of the selected studies was independently assessed by the 2 primary authors. Disagreement concerning study quality was moderated by the senior author.
Data Pooling Across Studies and Data Analysis
Demographic data and outcome measures were collected and pooled. No clear sources of bias were identified among the articles included. Outcome measures were compiled and compared.
Results
The search resulted in 175 potentially eligible studies, while 40 met inclusion and exclusion criteria ( Figure 1 ). There were 29 case reports and 11 case series included, accounting for 262 patients. Analysis of the included case series (Tables 1 and 2 ) and the included case reports (Table 3) is depicted.
The average age was 45.6 years (range, 17-61 years), and average follow-up was 34.6 months (range, 1.5-264 months). Upon presentation, 61% of patients had a fleck fracture present on the lateral x-ray film-the DKS. Nearly 90% of patients returned to preinjury level of activity while only 7% experienced a rerupture. The average time to surgery was 24 days while 10 patients in our series had a significant delay in diagnosis ( Table 4 ).
The most common medical comorbidity contributing to TTR was renal disease (10%) followed by anabolic steroid use (7%) and neuromuscular disease (3.2%). The vast majority of repairs were conducted with suture repair only (81%) while a minority used suture anchors (17%). Mechanism of injury can be seen in Table 3 but was not analyzed in Table 4 , as mechanism of injury was inconsistently reported in the case series.
Discussion
TTR are an uncommon injury, and descriptions of the injury are contained within small case series and a collection of case reports. The aim of the present systematic review was to combine all known data to better understand TTR. The 3 main findings of the current review were as follows: (1) renal disease (10%) and anabolic steroid use (7%) were the most common medical comorbidities; (2) at presentation, the DKS was present in 61% of cases on the lateral x-ray film; and (3) after surgical intervention, 89% of patients returned to preinjury level of activity while there was only a 6% rerupture rate.
Renal disease (10%) was the most common medical comorbidity in this TTR cohort. Renal disease is known to cause tendinopathy. 16, 40 The increase in parathyroid hormone frequently seen in renal disease depolymerizes bone, weakening tendon insertions, and may lead to tendon ruptures. 11, 27 The largest case series included was a multicenter, multisurgeon report published as an abstract only, including 150 TTR. Although 66% had medical comorbidi-ties, the specifics of these comorbidities were not well delineated and were left out of present prevalence. Anabolic steroid use (7%), local steroid injection (5.3%), and oral corticosteroid were also found to be associated with TTR. Sollender et al 31 reported on 4 middle-aged weight lifters who used anabolic steroid and sustained a TTR. In addition, 2 patients had received local steroid injection and tendinopathy. The authors hypothesized that ageand activity-related tendinopathy, in concert with anabolic steroids, lead to the TTR. In addition, patients involved in heavy lifting who present with triceps tendinopathy may be at risk for future rupture. The DKS, present on the lateral x-ray film, has previously been described as pathognomonic for TTR. 6 Although many other reports have described its presence, no large report has determined its prevalence among TTR. Our analysis has determined that the DKS is present in 61% of TTR. If the largest series, a published abstract, and the second largest series are removed from the analysis, the prevalence of the DKS increases to 88%. 21, 35 Combined, these 2 retrospective reviews accumulated data from 14 different centers. These large multicenter retrospective reviews are subject to a degree of reporting error, so the prevalence may be higher in TTR. Regardless, providers should be aware of this radiographic finding, present in roughly 61% to 88% of patients, which may help reduce misdiagnoses and eliminate the diagnostic odyssey.
The surgical outcomes following TTR are generally excellent with 89% returning to preinjury activity level.
Because the body of the systematic review is comprised of discontinuous case reports and short series, outcome measures are varied. After 32 months, Bava et al 4 reported that 5 patients after surgical repair of TTR had an average Disabilities of the Arm, Shoulder and Hand (DASH) of 1.4, American Shoulder and Elbow Surgeons (ASES) of 99.2, and Mayo Elbow Score of 95.8. Furthermore, the vast majority of patients had full strength and range of motion following surgical repair. 17, 18, 24, 41 Other patients were able to return to heavy weight lifting. After repairing TTR, Bach et al 3 reported their patient was able to bench 375 lbs and power clean 407 lbs, whereas Naito et al 23 reported that their patient was able to bench 215 kg at 2 months postoperatively. Furthermore, other patients returned to competitive motorcycle racing, professional football, and professional hockey after TTR repair. 19, 30, 37 There were 6 reruptures (5.9%). Three reruptures occurred in the second largest series of 23 TTR. 35 One was a routine primary rerupture, whereas a second may have been precipitated by an infection. The third patient actually had 2 reruptures after traumatic episodes. Mair et al 19 reported having a rerupture sustained during rehabilitation exercises in a professional football player 6 weeks after the initial repair. In the analysis of middle-aged bodybuilders using anabolic steroids by Sollender et al 31 , one patient sustained a rerupture during early aggressive weight lifting and another patient had a contralateral rupture in the postoperative period. The 2 other reruptures were due to direct trauma. 29 The vast majority (81%) of the patients in this review underwent repair via suture fixation. Mirzayan et al 21 compared suture repair with suture anchor fixation following TTR and found no difference in terms of infection rate, reoperation rate, or rerupture rate. However, the authors did note that those repaired with suture anchors were released from medical care sooner. Given the limited data on comparison of surgical technique, the authors do not believe one technique is superior to the other.
There are 3 primary limitations to this study. First, the findings of this review are subject to the bias and error inherent to retrospective data collection. Second, the interpretation of outcomes is limited by their heterogeneity from report to report. Third, 2 case series account for 173 TTR, or 66% of the cases in this systematic review. 21, 35 The reporting of outcomes, presence of DKS, and complications may be skewed toward these authors reporting.
Despite these limitations, this study represents one of the first systematic reviews of the literature. The 3 key findings were as follows: (1) Renal disease (10%) and anabolic steroid use (7%) were the 2 most prevalent medical comorbidities; (2) the DKS was present in 61% to 88% of TTR on the lateral x-ray film; and (3) 89% of patients returned to preinjury level of activity postoperatively. TTR is a rare and frequently misdiagnosed injury because the vague signs and symptoms associated with it include ecchymosis, pain, and lack of active extension. However, with careful evaluation of potential medical risk factors, scrutiny of the lateral x-ray film for the DKS, early referral to an orthopedist, and better physical exam techniques, patients may expect a positive outcome following surgical repair of TTR. Future research should be directed toward creating a large series with uniform, validated outcome measures.
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